Effects of temperature, ionic strength and pH on the function of skeletal muscle myosin from a eurythermal fish, Fundulus heteroclitus.
The mummichog, Fundulus heteroclitus, is an intertidal fish that exhibits little change in swimming ability despite large and rapid variations in environmental parameters. We therefore tested the hypothesis that this nearly constant function is due to Fundulus myosin being intrinsically insensitive to changes of temperature, ionic strength and pH. In vitro motility assays were used to quantify the speed of unregulated actin filaments on myosin purified from F. heteroclitus glycolytic skeletal muscle. Filament speed was 2.07+/-0.17 microm s(-1) at 26 degrees C, ionic strength (Gamma/2) of 0.08 M Gamma/2 and pH 7.4. Speed increased as temperature increased over the range of 5-36 degrees C with an activation energy (E (a)) of 94.0+/-7.0 kJ mol(-1)) and an enthalpy (DeltaH (double dagger)) of 91.5+/-7.0 kJ mol(-1) at 20 degrees C. A linear relationship between temperature and ATPase activity was also obtained with actin-activated myosin Mg(2+)-ATPase assays over the temperature range 5-35 degrees C with E (a=)59.9+/-2.4 kJ mol(-1) and DeltaH (double dagger)=57.4+/-2.4 kJ mol(-1) at 20 degrees C. There was little or no effect of ionic strength on filament speed over the range 0.19 M Gamma/2-0.54 M Gamma/2. Speed increased significantly at lower ionic strengths and was 7.9-fold higher at 0.08 M Gamma/2 than at 0.19 M Gamma/2. Speed increased with pH with a 16-fold increase between pH 6.7 and 7.4. These results indicate that changes in physiological parameters that include temperature, pH and ionic strength affect the function of unregulated F. heteroclitus myosin, and thus other factors must be responsible for the mummichog's swimming performance being comparatively insensitive to environmental variation.